There has been a rapid increase in the prevalence of obesity, type 2 diabetes and metabolic syndrome (MetS) over the past two to three decades in most Asian countries. According to the Korean National Health and Nutrition Examination Survey (KNHANES), the prevalence of MetS significantly increased from 24.9% to 31.3% between 1998 and 2007. The clinical significance of MetS is based on the increased risk for the development of cardiovascular disease (CVD). We analyzed the 8-year follow-up data of 2,435 healthy subjects and found that MetS was associated with an increased risk of CVD in both men and women (OR: 1.98, 95% CI: 1.30-3.03 in men; OR: 4.04, 95% CI: 1.78-9.14 in women). MetS was significantly associated with the risk for future coronary heart disease (CHD) in men (OR: 3.68; 95% CI: 1.93-7.01) and stroke in women (OR: 3.96; 95% CI: 1.58-9.94). We also analyzed the echocardiographic findings of 1,600 healthy subjects to evaluate the relationship between metabolic syndrome and left ventricular diastolic dysfunction (LVDD). The patients with MetS exhibited significant differences in parameters of cardiac structure and the LV diastolic function compared to that observed in the patients without MetS. MetS was associated with an increased risk of LVDD (OR: 1.67; 95% CI: 1.18-2.37). These results suggest that the presence of MetS is associated with an increased risk for the development of serious CVD and abnormal changes in the LV structure and diastolic function, even before the development of overt CVD. J Atheroscler Thromb, 2014; 21:S31-S35.
Introduction
Metabolicsyndrome(MetS)isaconditioncharacterizedbyaclusterofmetabolicdisorders,including abdominal obesity, insulin resistance/glucose intolerance, dyslipidemia and hypertension.The concept of thissyndromewasintroducedbyReavenin1988with respecttotheclusteringofcardiovascularrisks 1) .The prevalence of MetS is increasing worldwide. According to data from the National Health and Nutrition Examination Survey (NHANES) Ⅲ and NHANESs 1999-2006, the age-adjusted prevalence of MetS increased from 29.2% to 34.2% in the U.S. 2) An increasingtrendhasalsobeenobservedinAsiancountries 3) , with MetS presenting as one of the main targets of public health intervention in addition to becomingagrowingsocialandeconomicproblem.In thisreview,wediscussevidenceinKoreaofanassociationbetweenMetSandcardiovasculardisease(CVD) andevaluatethepossiblemechanismsinvolved.
Defining Metabolic Syndrome
Duringthepastdecade,therehavebeenvarious attempts to standardize the definition of MetS as a diagnostic category, with several institutions propos-a prevalence of 22.3%, compared to only 1.6% in normal-weightadolescents.Amongothercardiovascularriskfactors,ahighlevelofobesity(BMI≥30kg/m 2 ) and a family history of CVD are the strongest independent predictors of MetS based on data obtained fromtheKoreanNationalHealthInsuranceCorporationSurvey2008 11) .
Metabolic Syndrome and Cardiovascular Diseases
It is well documented that MetS is associated with an increased risk of all-cause mortality and CVD [12] [13] [14] .Ameta-analysisconductedbyGamiet al. 15) that included 36 different prospective studies found thattheoverallrelativeriskofCVDamongindividuals with MetS is 1.78 (95% CI: 1.58-2.00). We also demonstratedinasingle-centerstudy(medianfollowupof8.7years)thatMetSisassociatedwithariskof future CVD in both men and women (OR: 1.98, 95%CI:1.30-3.03inmen;OR:4.04,95%CI:1.78-9.14 in women) 16) . Other Korean studies have also verified a positive relationship between MetS and CVD [17] [18] [19] , with hazard ratios in the vicinity of 2. Thesevaluesareclosetotheestimatesobtainedinthe Asia Pacific Cohort Study Collaboration (APSCS), which gathered individual data for 35 cohorts from the Republic of Korea, China, Hong Kong, Japan, Taiwan,ThailandandSingapore 20) .TheAPCSCdata furthershowedthatthemorecomponentdisordersa patienthas,thehighertheriskofcardiovasculardeath. Similarly,thenumberofMetScomponentswasfound to be linearly associated with the risk of a poor outcome in another Korean study 19) . Data for 57,237 subjects who attended regular health examinations at a single center in Korea showed that MetS increases the risk of CVD death (RR: 1.75; 95% CI: 1.15-2.66) 21) . In addition, the blood pressure component was the key predictor of mortality in that study.
ingavarietyofcriteria.
The new definition of MetS proposed by the InternationalDiabetesFederation(IDF) 4) andrevised by the National Cholesterol Education Program (NCEP) 5) hascausedconfusionbecausesomepatients satisfy the revised NCEP, but not the IDF criteria. The characteristics of MetS can differ according to ethnicityandsocioeconomicdifferences.Inastudyof the 1998 Korean NHANES data 6) , the IDF criteria werefoundtobeinferiortotherevisedNCEPcriteria in identifying metabolically abnormal but nonobese groups known to be predisposed to type 2 diabetes andCVD.Forthisreason,whencalculatingtheprevalenceofMetSinKorea,therevisedNCEPdefinition ispreferredtotheIDFdefinition,andthemajorityof KoreanstudiesofMetSusethemodifiedcriteria.
Metabolic Syndrome in Korea
Korea experienced a major economic crisis in 1998,followedbyarapidrecoveryachievedbyadoptingWesternpoliciesandculturalvalues.Thisindustrializationandeconomicgrowthwereaccompaniedby a so-called 'westernization' of the Korean lifestyle, characterizedbyahigh-caloriediet,obesityandphysical inactivity that has brought about negative health consequences.Asaresult,theage-adjustedprevalence of MetS in Korea increased rapidly from 24.9% in 1998 to 31.3% in 2007 7) . Among the five components of MetS, the levels of low HDL cholesterol increased most significantly, by 13.8%, over this 10-yearperiod,followedbyabdominalobesityandhypertriglyceridemia, with increases of 8.7% and 4.9%, respectively ( Table 1) . In addition to the increase in theincidenceofMetS,theprevalenceofdiabetesmellitusandobesityhassteadilyincreased 8, 9) .Ryuet al.
10) foundthattheprevalence ofMetSinKoreanadolescents 12 and 13 years of age is 5.5%. As expected, MetSismostcommoninoverweightadolescents,with andAsia-Pacificcriteriaforabdominalobesity (waist circumference ＞90 cm in men and ＞80 cm in women) were used. KNHANES: Korea National Health and Nutritional ExaminationSurvey. atedwithanincreasedriskofLVDD(OR:1.67;95% CI: 1.18-2.37). In addition, as the HOMA-IR value increased, the levels of parameters reflecting the cardiac structure and LVDD significantly increased and theE/Aratiosignificantlydecreased.Furthermore,the LVmass,E/AratioandE/E′ ratioweresignificantly different across the HOMA-IR quartiles, even after adjusting for other confounders. In accordance with the findings of previous studies 37, 38) , although blood pressure was found to be partly responsible for the development of LVDD in the MetS patients, MetS itself still functions as a risk factor for the development of LVDD, even after adjusting for blood pressure. A rural community cohort study conducted in KoreaalsofoundthatthedegreeofMetSclusteringis strongly correlated with geometric eccentricity of LV hypertrophy, diastolic dysfunction and arterial changes, irrespective of the patient's age and blood pressurestatus 39) .Theprecisepathophysiologicmechanismsunderlyingthedevelopmentofthiscardiomyopathy are not fully understood. Several factors, includinghyperglycemia,hyperinsulinemia,hypertension and increased oxidative stress, have been suggested to explain these structural and functional changes 37, 40, 41) .
Conclusion
Inconclusion,theprevalenceofMetSisrapidly increasing in Korea. It is clear that MetS is a strong riskfactorforthedevelopmentandincreasedseverity ofCVDandconfersagreaterriskthanthesumofits individualcomponents.Moreover,MetSisassociated withanabnormalLVstructureandfunction.Considering the social and economic impact of MetS, a nationalstrategytoslowthedramaticincreaseinthe prevalenceofMetSshouldbedeveloped.Thefirstpriorityshouldbetoreducetheburdenofdyslipidemia and abdominal obesity. Lifestyle changes, such as weightreduction,regularexerciseandhealthydietary habits,includingtheconsumptionoflowamountsof sodium,carbohydratesandfat,shouldbeemphasized inordertoreversethisdeterioration.
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AnotherstudybyHwanget al. 22) foundthatthefasting glucose level (among all MetS components) has the highest predictive value for CVD in Korean patients with MetS. Recently, Yun et al. 23) reported that MetS is related to the incidence of CVD, independent of insulin resistance (IR). In addition, the combined effects of MetS and IR contribute to increase the risk of CVD. Moreover, one study confirmed a high prevalence of MetS in patients with acute ST-elevation myocardial infarction (STEMI) and found MetS to be an important predictor of inhospitaldeathamongSTEMIpatients 24) .Kwonet al. also found that MetS is significantly associated with silent brain infarctions in healthy people (OR: 2.83; 95% CI: 1.38-5.82) 25) . In a recent article that employed64-DetectorRowCardiacCT 26) ,MetSwas foundtobestronglyassociatedwithsignificantcoronaryarterystenosis,multivesselinvolvementandmixed plaque formation. These results are in line with the findings of other reports 27, 28) showing that MetS is associatedwithanincreasedseverityofischemiccoronary heart disease (CHD) and that having higher numbers of MetS components is correlated with an increased incidence of CHD and worse CHD outcomesoncoronaryangiography.Theclinicalfeatures and cardiovascular risk factors associated with MetS arelargelyrelatedtothedysregulationofadiposetissue.Theadipocytokinessecretedbyabdominalfatin particular are mediators of inflammation, oxidative stress,insulinresistanceandlipoproteinmetabolism 29) . These cytokines supervise a subclinical proinflammatory and oxidative state that is thought to accelerate atherosclerosis,plaqueruptureandatherothrombosis. In addition, a growing body of evidence now links insulin-like growth factor (IGF) to the development ofMetSandincreasedcardiovascularrisks 30, 31) .However,MetS also increasesthe likelihoodofCVD toa greater extent than any of its individual components 32) .
Metabolic Syndrome and the Cardiac Function
As shown above, MetS is characterized by the clustering of cardiovascular risk factors and is associated with the development of CVD and increased mortality.Recently,ithasbeenreportedthatMetSis associated with an abnormal LV structure and function [33] [34] [35] .Therefore, we investigated a total of 1,599 subjects who underwent medical health checkups at twoinstitutionstodeterminetheassociationbetween left ventricular diastolic dysfunction (LVDD) and/or theLVstructureandMetSand/orinsulinresistance 36) . TheresultsshowedthatMetSisindependentlyassoci-
